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(57) Abstract: The invention relates to novel imidazo[l,3,5]triazinones of the general formula (I), to a method for their production 
and to their use as medicaments, in particular as inhibitors of cyclic GMP metabolising phosphodiesterases. 

(57) Zusammenfassung: Es werden neue Imidazo[l t 3,5]triazinone der allgemeinen Fbrmel (I), Verfahren zu ihrer Herstellung und 
ihre Verwendung als Arzneimittel, insbesondere als Inhibitoren cGMP-metabolisierender Phosphodiesterasen, beschrieben. 
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(57) ABSTRACT 

The invention relates to novel imidazo[l^,5]triazinones of 
the general formula (I), to a method for their production and 
to their use as medicaments, in particular as inhibitors of 
cyclic GMP metabolising phosphodiesterases. 
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NOVEL IMIDAZO[1,3,5]TRIAZINONES AND THE 
USE THEREOF 

[0001] The present invention relates to novel imidazo[l, 
3,5]triazinones, to processes for preparing them and to their 
use as medicaments, in particular as inhibitors of cGMP- 
metabolizing phosphodiesterases. 

[0002] The synthesis of imidazo[l,3,5]triazinones is 
described in J. Org. Chem. (1979), 44(10), 1740-2; in J. Org. 
Chem. (1979), 44(22), 3835-9; in J. Org. Chem. (1981), 46 
(18), 3681-5 and J. Chem. Res. Synop. (1994), (3), 96-7. 
These publications did not report any biological effect. 

[0003] Imidazo[l,3,5]triazinones which possess antiviral 
and/or antitumor effect are described in Nucleosides Nucle- 
otides (1987), 6(4), 663-78; in Eur. J. Med. Chem. (1992), 
27(3), 259-66; in J. Heterocycl. Chem. (1993), 30(5), 1341- 
9; in J. Med. Chem. (1995), 38(18), 3558-68 and Biorg. 
Med. Chem. Lett. (1996), 6(2), 185-8. The compounds 
which are mentioned in these literature references were for 
the most part prepared as guanine or guanosine analogs and 
are therefore as a rule substituted in the 2 position by — NH 2 , 
— SH or — H. None of the compounds which are described 
contains a phenyl ring or a substituted phenyl ring in the 2 
position. None of the compounds which are described has 
been reported to have an inhibitory effect on phosphodi- 
esterases. 

[0004] The compounds according to the invention are 
potent inhibitors of cyclic guanosine 3',5'-monophophate- 
metabolizing phosphodiesterases (cGMP-PDEs). In accor- 
dance with the nomenclature of Beavo and Reifsnyder 
(Trends in Pharmacol. Sci. 11, 150-155, 1990), these phos- 
phodiesterases are the phosphodiesterase isoenzymes PDE- 
I, PDE-II and PDE-V. 

[0005] An increase in the concentration of cGMP can lead 
to therapeutic, antiaggregatory, antithrombotic, antiprolif- 
erative, antivasospastic, vasodilatory, natriuretic and 
diuretic effects. It can exert an effect on the short- term or 
long-term modulation of vascular and cardiac inotropy, 
cardiac rhythm and stimulus conduction in the heart (J. C. 
Stoclet, T. Keravis, N. Komas and C. Kugnier, Exp. Opin. 
Invest. Drugs (1995), 4 (11), 1081-1100). Inhibition of the 
cGMP-PDEs can also strengthen erection. These com- 
pounds are therefore suitable for treating erectile dysfunc- 
tion. 

[0006] The present invention now relates to novel imidazo 
[l,3,5]triazinones of the general formula (I) 



(I) 



R 3 p HN" N jp 




[0007] in which 

[0008] R 1 represents straight-chain or branched alkyl 
having up to 4 carbon atoms, 

[0009] R 2 represents straight-chain or branched alkyl 
having up to 4 carbon atoms or represents (C 3 -Ca)- 
cycloalkyl, 

[0010] R 3 represents hydrogen or straight-chain or 
branched alkyl having up to 4 carbon atoms, 

[0011] R 4 and R 5 are identical or different and rep- 
resent hydrogen, (Cj-C^-alkoxy or hydroxyl or rep- 
resent (C 1 -C 8 )-alkyl which is optionally substituted, 
up to 3 times, identically or differently, by hydroxyl 
or (Cj-CgValkoxy or by radicals of the formulae 




or NR 6 R 7 , 



[0012] in which 

[0013] R 6 and R 7 are identical or different and denote 
hydrogen or (Ci-C^-alkyl, 

[0014] and/or, for its part, (C 1 -C 8 )-alkyl is optionally 
substituted by phenyl or phenoxy which, for their 
part, are optionally substituted, once to three times, 
identically or differently, by halogen, hydroxyl, (C 2 - 
C e )-alkoxy or (C^C^-alkyl or by a radical of the 
formula — S0 2 NR 8 R 9 , 

[0015] in which 

[0016] R 8 and R 9 are identical or different and denote 
hydrogen or (Cj-C^-alkyl, 

[0017] or 

[0018] R 4 represents hydrogen or methyl, 

[0019] and 

[0020] R 5 represents radicals of the formulae 



^ s=c 



II 

o 



[0021] or 

[0022] represents phenyl which is optionally substi- 
tuted, up to 3 times, identically or differently, by 
halogen, acetyl or (C a -C 6 )-alkoxy or by radicals of 
the formulae 



S0 2 NR 4 R s 



_ NR io R n 
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[0023] or 

— CH 2 — P(0)(OR 12 )(OR 13 ) 

[0024] in which 

[0025] R 10 and R 11 are identical or different and 
denote hydrogen or (Q-C^-alkyl, 

[0026] R 12 and R 13 are identical or different and 
denote hydrogen or (C a -C 6 )-alkyl, 

[0027] or 

[0028] R 4 and R 5 , together with the nitrogen atom to 
which they are bonded, form radicals of the formulae 

\ >R 15 \ / \ / 

[0029] in which 

[0030] R 14 and R 15 are identical or different and 
denote hydroxy 1, hydrogen or (Cj-C^-alkyl which is 
optionally substituted by hydroxyl, 

[0031] or 

[0032] R 14 denotes hydrogen, 

[0033] and 

[0034] R 15 denotes a radical of the formula 




[0035] or 

[0036] R 14 and R 15 together form a radical of the 
formula =N — O — CH 3 , 

[0037] R 16 denotes hydrogen or (Q-Q^alkyl which 
is optionally substituted by hydroxyl, or denotes a 
5- to 6-membered, aromatic heterocycle having up to 
3 heteroatoms from the series S, N and/or O, 

[0038] and the salts, N-oxides and isomeric forms 
thereof. 

[0039] The compounds according to the invention can 
exist in stereoisomeric forms which either relate to each 
other as image and mirror image (enantiomers) or which do 
not relate to each other as image and mirror image (diaste- 
reomers). The invention relates to both the enantiomers or 
diastereomers or their respective mixtures. The racemic 
forms, as well as the diastereomers, can be separated into the 
stereoisomerically uniform constituents in a known manner. 

[0040] The substances according to the invention can also 
be present as salts. Within the context of the invention, 
preference is given to physiologically harmless salts. 

[0041] Physiologically harmless salts can be salts of the 
compounds according to the invention with inorganic or 
organic acids. Preference is given to salts with inorganic 



acids, such as hydrochloric acid, hydrobromic acid, phos- 
phoric acid or sulfuric acid, or salts with organic carboxylic 
or sulfonic acid, such as acetic acid, maleic acid, fumaric 
acid, malic acid, citric acid, tartaric acid, lactic acid or 
benzoic acid, or methanesulfonic acid, ethanesulfonic acid, 
phenylsulfonic acid, toluenesulfonic acid or naphthalenedis- 
ulfonic acid. 

[0042] Physiologically harmless salts can equally well be 
metal or ammonium salts of the compounds according to the 
invention. Particular preference is given, for example, to 
sodium, potassium, magnesium or calcium salts, and also to 
ammonium salts which are derived from ammonia, or to 
organic amines, such as ethylamine, di- or triethylamine, di- 
or triethanol amine, dicyclohexylamine, dimethylaminoetha- 
nol, arginine, lysine, ethylenediamine or 2-phenylethy- 
lamine. 

[0043] (C 3 -C8)-Cycloalkyl represents cyclopropyl, cyclo- 
pentyl, cyclobutyl, cyclohexyl, cycloheptyl or cyclooctyl. 
Those which may be mentioned as being preferred are: 
cyclopropyl, cyclopentyl and cyclohexyl. 

[0044] (CVC^-Alkyl, (Q-C^-alkyl and (C ? -C 4 )-alkyl 
represents a straight-chain or branched alkyl radical having 
from 1 to 8, from 1 to 6 and from 1 to 4 carbon atoms, 
respectively. Those which may be mentioned by way of 
example are: methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, tert-butyl, n-pentyl and n-hexyl. Preference is 
given to a straight-chain or branched alkyl radical having 
from 1 to 4 carbon atoms. Particular preference is given to 
a straight-chain or branched alkyl radical having from 1 to 
3 carbon atoms. 

[0045] (Ci-C^-Alkoxy represents a straight-chain or 
branched alkoxy radical having from 1 to 6 carbon atoms. 
Those which may be mentioned by way of example are: 
methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobu- 
toxy, tert-butoxy, n-pentoxy and n-hexoxy. Preference is 
given to a straight-chain or branched alkoxy radical having 
from 1 to 4 carbon atoms. Particular preference is given to 
a straight-chain or branched alkoxy radical having from 1 to 
3 carbon atoms. 

[0046] Halogen generally represents fluorine, chlorine, 
bromine and iodine. Preference is given to fluorine, chlorine 
and bromine. Particular preference is given to fluorine and 
chlorine. 

[0047] A 5-to 6-membered aromatic heterocycle having 
up to 3 heteroatoms from the series S, O and/or N represents, 
for example, pyridyl, pyrimidyl, pyridazinyl, thienyl, furyl, 
pyrrolyl, thiazolyl, oxazolyl or imidazolyl. Preference is 
given to pyridyl, pyrimidyl, pyridazinyl, furyl and thienyl. 

[0048] Preference is given to compounds according to the 
invention of the general formula (I), 

[0049] in which 

[0050] R 1 represents methyl or ethyl, 

[0051] R 2 represents straight-chain or branched alkyl 
having up to 3 carbon atoms or represents (C3-Q5)- 
cycloalkyl, 

[0052] R 3 represents straight -chain or branched alkyl 
having up to 3 carbon atoms, 
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[0053] R 4 and R 5 are identical or different and rep- 
resent hydrogen, (Cj-C^-alkoxy or hydroxyl or rep- 
resent (C 1 -C 7 )-alkyl which is optionally substituted, 
up to 3 times, identically or differently, by hydroxyl 
or (Cj-C^-alkoxy or by radicals of the formulae 




N O, 



[0054] or 

— NR*R 7 

[0055] in which 

[0056] R 6 and R 7 are identical or different and denote 
hydrogen or methyl, 

[0057] and/or, for its part, (CVG^-alkyl is optionally 
substituted by phenyl or phenoxy which, for their 
part, are optionally substituted, once to three times, 
identically or differently, by fluorine, chlorine, 
hydroxyl, (Cj-CJ-alkoxy or (C 3 -C 4 )-alkyl or by a 
radical of the formula — S0 2 NH 2 , 

[0058] or 

[0059] R 4 represents hydrogen or methyl, 
[0060] and 

[0061] R 5 represents radicals of the formulae 



> s=o 




[0062] 



[0063] represents phenyl which is optionally substi- 
tuted, up to 3 times, identically or differently, by 
fluorine, chlorine, acetyl or (C-t-C^-alkoxy or by 
radicals of the formulae 



— NR l0 R 11 
[0064] or 

— CH 2 — P(0)(OR 12 ) (OR 13 ) 
[0065] in which 

[0066] R 10 and R 11 are identical or different and 
denote hydrogen or methyl, 

[0067] R 12 and R 13 are identical or different and 
denote hydrogen or methyl, 



[0068] or 

[0069] R 4 and R 5 , together with the nitrogen atom to 
which they are bonded, form radicals of the formulae 





[0070] in which 

[0071] R 14 and R 15 are identical or different and 
denote hydroxyl, hydrogen or (C 1 -C 3 )-alkyl which is 
optionally substituted by hydroxyl, 

[0072] or 

[0073] R 14 denotes hydrogen, 
[0074] and 

[0075] R 35 denotes a radical of the formula 



[0076] or 

[0077] R 14 and R 15 together form a radical of the 
formula =N — O — CH 3 , 

[0078] R 16 denotes hydrogen or (C 1 -C 5 )-alkyl which 
is optionally substituted by hydroxyl, or denotes 
pyridyl, pyrimidyl, furyl, pyrryl or thienyl, 

[0079] and the salts, N-oxides and isomeric forms 
thereof. 

[0080] Particular preference is given to compounds 
according to the invention of the general formula (I), 

[0081] in which 



[0082] 
[0083] 

tyi, 

[0084] 
[0085] 



R 1 represents methyl or ethyl, 
R 2 represents n-propyl or represents cyclopen- 

R 3 represents methyl, ethyl or n-propyl, 

R 4 and R 5 are identical or different and rep- 
resent hydrogen, (C 1 -C 3 )-alkoxy or hydroxyl or rep- 
resent (C 1 -C 6 )-alkyl which is optionally substituted, 
up to 3 times, identically or differently, by hydroxyl 
or (C 1 -C 3 )-alkoxy or by radicals of the formulae 



[ > ^ \, ^ y^^l or NR 6 R 7 , 



[0086] in which 

[0087] R 6 and R 7 are identical or different and denote 
hydrogen or methyl, and/or, for its part, (Cj-Ce)- 
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alkyl is optionally substituted by phenyl or phenoxy 
which, for their part, are optionally substituted, once 
to three times, identically or differently, by fluorine, 
hydroxyl or methoxy or by a radical of the formula 
— S0 2 NH 2 , 

[0088] or 

[0089] R 4 represents hydrogen or methyl, 
[0090] and 

[0091] R 5 represents radicals of the formulae 




[0092] or 

[0093] represents phenyl which is optionally substi- 
tuted, up to 3 times, identically or differently, by 
fluorine, acetyl or methoxy or by radicals of the 
formulae 

-NR lo R" 

[0094] or 

— CH 2 — R(0)(OR 12 )(OR 13 ), 

[0095] in which 

[0096] R 10 and R 11 are identical or different and 
denote hydrogen or methyl, 

[0097] R 12 and R 13 denote methyl, 

[0098] or 

[0099] R 4 and R 5 , together with the nitrogen atom to 
which they are bonded, form radicals of the formulae 




[0100] in which 

[0101] R 14 and R 15 are identical or different and 
denote hydroxyl, hydrogen or a radical of the for- 
mula — (CH^— OH, 
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[0102] or 

[0103] R 14 denotes hydrogen 
[0104] and 

[0105] R 1S denotes a radical of the formula 




[0106] or 

[0107] R 14 and R 15 together form a radical of the 
formula =N — O — CH 3 , 

[0108] R 16 denotes hydrogen, pyrimidyl or a radical 
of the formula — (CH^ — OH, and the salts, N-ox- 
ides and isomeric forms thereof. 

[0109] Very particular preference is given to the following 
compounds according to the invention: 



Structure 
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-continued 
o 




-continued 




[0110] In addition, a process was found for preparing the 
compounds according to the invention of the general for- 
mula (I), in which process compounds of the general for- 
mula (II) 



o 




[01U] in which 

[0112] R\ R 2 and R 3 have the abovementioned mean- 
ing, 

[0113] are first of all converted, by reaction with 
chlorosulfonic acid (C1S0 3 H), where appropriate in 
inert solvents, where appropriate in the presence of 
a base, into the compounds of the general formula 
(HI) 

(I") 

o 




SO2C1 



US 2003/0195210 Al 



6 



Oct. 16, 2003 



[0114] in which 

[0115] R 1 , R 2 and R 3 have the abovementioned mean- 
ing, 

[0116] and, in a last step, are reacted with amines of 
the general formula (IV) 



(IV), 



HN— R 4 R 5 

[0117] in which 

[0118] R 4 and R 5 have the abovementioned meaning. 

[0119] The process according to the invention can be 
explained, by way of example, by the following formula 
scheme: 



(CH^— CH 3 




clso 3 H 



HN N QjHs 



(CH2> 2 — CH 3 



so 2 ci 



T - if" 



(CH2) 2 — CH 3 




[0120] Solvents which are suitable for the individual steps 
are the customary organic solvents which are not altered 
under the reaction conditions. These solvents preferably 
include ethers, such as diethyl ether, dioxane, tetrahydrofu- 
ran or glycol dimethyl ether, or hydrocarbons, such as 
benzene, toluene, xylene, hexane, cyclohexane or petroleum 
fractions, or halogenohydrocarbons, such as dichlo- 
rome thane, trichloromethane, tetrachloromethane, dichloro- 
ethane, trichloroethylene or chlorobenzene, or ethyl acetate, 
dimethylformamide, hexamethylphosphoric triamide, aceto- 
nitrile, acetone, dimethoxyethane or pyridine. It is likewise 
possible to use mixtures of the abovementioned solvents. 



[0121] In general, the reaction temperatures can vary over 
a relatively wide range. In general, the temperatures 
employed are in a range of from -20° C. to 200° C, 
preferably of from 0° C. to 70° C. 

[0122] In general, the process steps according to the 
invention are carried out under standard pressure. However, 
it is also possible to carry them out under positive pressure 
or under negative pressure (e.g. in a range from 0.5 to 5 bar). 

[0123] The reactions can, for example, take place in a 
temperature range of from 0° C. to room temperature and 
under standard pressure. 

[0124] The compounds of the general formula (II) are 
novel and can be prepared by reacting compounds of the 
general formula (V) 



CN 

h 5 c 2 02C^ N ^ 



(V) 



NH CO R 1 , 



[0125] in which 

[0126] R 1 has the abovementioned meaning, 

[0127] in the NaOCjHs/CjHsOH system, with com- 
pounds of the general formula (VI) 

R 2 -halogen (VT), 
[0128] in which 

[0129] R 2 has the abovementioned meaning, 

[0130] to give the compounds of the general formula 
(VII) 



CN 



(VII) 



H 5 C20 2 C- 



-N-C-R', 



R 2 



[0131] in which 

[0132] R 1 and R 2 have the abovementioned meaning, 

[0133] and subsequently, likewise in the Na0 2 H 5 / 
C^HsOH system, carrying out a reaction with com- 
pounds of the general formula (VIII) 



(VIII) 



xHCl, 
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[0134] in which 

[0135] R 3 has the abovementioned meaning, 

[0136] to give the compounds of the general formula 
(IX) 




[0137] in which 

[0138] R 1 , R 2 and R 3 have the abovementioned 
meaning, 

[0139] and finally cyclizing in inert solvents, in the pres- 
ence of hexamethyldisilazane (HMDS) and chlorotrimeth- 
ylsilane (TMSC1). 

[0140] Solvents which are suitable for the individual steps 
are the customary organic solvents which are not altered 
under the reaction conditions. These solvents preferably 
include ethers, such as diethyl ether, dioxane, tetrahydrofu- 
ran or glycol dimethyl ether, or hydrocarbons, such as 
benzene, toluene, xylene, hexane, cyclohexane or petroleum 
fractions, or halogenohydrocarbons, such as dichlo- 
romethane, trichloromethane, tetrachloromethane, dichloro- 
ethane, trichloroethylene or chlorobenzene, or ethyl acetate, 
dimethy If orm amide, hexamethylphosphoric tri amide, aceto- 
nitrile, acetone, dimethoxyethane or pyridine. It is likewise 
possible to use mixtures of the abovementioned solvents. 

[0141] In general, the reaction temperatures can vary 
within a relatively wide range. In general, the temperatures 
employed are in a range from -20° C. to 200° C, preferably 
of from 0° C. to 70° C. 

[0142] The process steps according to the invention are 
generally carried out under standard pressure. However it is 
also possible to carry them out under positive pressure or 
under negative pressure (e.g. in a range from 0.5 to 5 bar). 

[0143] The reactions can, for example, take place in a 
temperature range of from 0° C. to room temperature and 
under standard pressure. 

[0144] The compounds of the general formula (III) are 
novel and can be prepared as described above. 

[0145] The compounds of the general formulae (IV), (V), 
(VI), (VII) and (VIII) are either known per se or can be 
prepared using customary methods. 

[0146] Some of the compounds of the general formula 
(IX) are novel and can be prepared using customary meth- 
ods. 

[0147] The compounds according to the invention of the 
general formula (I) exhibit a valuable pharmacological spec- 
trum of activity which it was not possible to foresee. 



[0148] They inhibit either one or several of the c-GMP- 
metabolizing phosphodiesterases (PDE I, PDE II and PDE 
V). This leads to an increase in c-GMP. The differing 
expression of the phosphodiesterases in different cells, tis- 
sues and organs, as well as the differing subcellular location 
of these enzymes, make it possible, in combination with the 
selective inhibitors according to the invention, to address the 
different cGMP-regulated processes selectively. 

[0149] In addition, the compounds according to the inven- 
tion augment the effect of substances such as EDRF (endot- 
helium-derived relaxing factor) and ANP (atrial natriuretic 
peptide), of nitro vasodilators and all other substances which 
increase the concentration of the cGMP in another way than 
phosphodiesterase inhibitors. 

[0150] The compounds according to the invention of the 
general formula (I) are therefore suitable for the prophylaxis 
and/or treatment of diseases in which an increase in the 
concentration of cGMP is therapeutic, i.e. diseases which are 
connected with cGMP-regulated processes (in English, usu- 
ally simply termed cGMP-related diseases). These diseases 
include cardiovascular diseases, diseases of the urogenital 
system and cerebrovascular diseases. 

[0151] Within the meaning of the present invention, the 
term "cardiovascular diseases" covers diseases such as high 
blood pressure, neuronal hypertension, stable and unstable 
angina, peripheral and cardiac vascular diseases, arrhyth- 
mias, thromboembolic diseases and ischemias such as myo- 
cardial infarction, stroke, transistory and ischemic attacks, 
angina pectoris and peripheral circulatory disturbances, and 
also prevention of restenoses following thrombolysis 
therapy, percutaneous transluminal angioplasty (PTA), per- 
cutaneous transluminal coronary angioplasties (PTCA) and 
bypass. 

[0152] Furthermore, the compounds according to the 
invention of the general formula (I) can also have impor- 
tance for cerebrovascular diseases. These include, for 
example, cerebral ischemia, stroke, reperfusion damage, 
brain trauma, edemas, cerebral thromboses, dementia and 
Alzheimer's disease. 

[0153] The relaxing effect on smooth musculature makes 
them suitable for treating disorders of the urogenital system 
such as prostate hypertrophy and incontinence and also, in 
particular, for treating erectile dysfunction and female 
sexual dysfunction. 

[0154] Activity of the Phosphodiesterases (PDEs) 

[0155] The cGMP-stimulatable PDE II, the cGMP-inhib- 
itable PDE III and the cAMP-specific PDE IV were isolated 
either from porcine heart myocardium or from bovine heart 
myocardium. The Ca 2+ -calmodulin-stimulatable PDE I was 
isolated from porcine aorta, porcine brain or, preferably, 
from bovine aorta. The c-GMP-specific PDE V was obtained 
from porcine small intestine, porcine aorta, human blood 
platelets and, preferably, from bovine aorta. Purification was 
effected by means of anion exchange chromatography on 
Pharmacia MonoQ R , essentially in accordance with the 
method described by M. Hoey and Miles D. Houslay, 
Biochemical Pharmacology, Vol. 40, 193-202 (1990) and C. 
Lugman et al. Biochemical Pharmacology Vol. 35 1743- 
1751 (1986). 

[0156] The enzyme activity is determined in a 100 /*1 test 
mixture, in 20 mM Tris/HCl buffer pH 7.5, which contains 
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5 raM MgCl 2 , 0.1 mg of bovine serum albumin/ml and either 
800 Bq of 3 HcAMP or 3 HcGMP. The final concentration of 
the corresponding nucleotides is 10" 6 mol/1. The reaction is 
started by adding the enzyme, with the quantity of enzyme 
being measured such that approx. 50% of the substrate is 
transformed during the incubation time of 30min. In order to 
test the cGMP-stimulatable PDE II, 3 HcAMP is used as the 
substrate and 10" 6 mol of unlabeled cGMP/1 is added to the 
mixture. In order to test the Ca 2+ -calmodulin -dependent 
PDE 1, 1 /iM CaCl^ and 0.1 jjM calmodulin are additionally 
added to the reaction mixture. The reaction is stopped by 
adding 100 /A of acetonitrile which contains 1 mM cAMP 
and 1 mM AMP. 100 jA of the reaction mixture are separated 
by HPLC and the cleavage products are determined quan- 
titatively online using a flow-through scintillation counter. 
The substance concentration at which the reaction rate is 
decreased by 50% is measured. The "phosphodiesterase 
[ 3 H] cAMP-SPA enzyme assay" and the "phosphodiesterase 
[ 3 H] cGMP-SPA enzyme assay", supplied by Amersham 
Life Science, were additionally used for testing. The test was 
carried out using the experimental protocol specified by the 
manufacturer. The [ 3 H] cAMP-SPA assay was used for 
determining the activity of PDE II, with 10 -6 M cGMP being 
added to the reaction mixture for the purpose of activating 
the enzyme. 10~ 7 M calmodulin and 1 /*M CaCl 2 were added 
to the reaction mixture for the purpose of measuring PDE I. 
PDE V was measured using the [3 H] cGMP-SPA assay. 

[0157] In principle, the inhibition of one or more phos- 
phodiesterases of this type leads to an increase in the 
concentration of cGMP. As a result, the compounds are of 
interest for all therapies in which an increase in the concen- 
tration of cGMP can be assumed to be therapeutic. 

[0158] The investigation of the cardiovascular effects was 
carried out on normotensive rats and on SH rats and on dogs. 
The substances were administered intravenously or orally. 

[0159] The examination for erection-inducing effects was 
carried out on conscious rabbits [H. Naganuma, T. Egashira, 
J. Fuji, Clinical and Experimental Pharmacology and Physi- 
ology 20, 177-183 (1993)]. The substances were adminis- 
tered orally or parenterally. 

[0160] The novel active compounds, and also their physi- 
ologically harmless salts (e.g. hydrochlorides, maleates or 
lactates) can be converted, in a known manner, into the 
customary formulations, such as tablets, coated tablets, pills, 
granules, aerosols, syrups, emulsions, suspensions and solu- 
tions, using inert, nontoxic, pharmaceutically suitable carrier 
substances or solvents. In this connection, the therapeuti- 
cally effective compound should in each case be present at 
a concentration of from about 0.5 to 90% by weight of the 
total mixture, i.e. in quantities which are sufficient for 
achieving the specified dosage range. 

[0161] The formulations are prepared, for example, by 
extending the active compounds with solvents and/or carrier 
substances, where appropriate using emulsifiers and/or dis- 
persants, with it being possible, for example when using 
water as a diluent, to use organic solvents as auxiliary 
solvents, where appropriate. 

[0162] The administration is effected in a customary man- 
ner, preferably orally, transdermally or parenterally, for 
example perlingually, by the buccal route, intravenously, 
nasally, rectally or by inhalation. 



[0163] For use in humans, doses of from 0.001 to 50 
mg/kg, preferably 0.01 mg/kg-20 mg/kg, are generally 
administered when administering orally. A dose of 0.001 
mg/kg -0.5 mg/kg is expedient when administering parenter- 
ally, for example by way of mucosae, nasally, by the buccal 
route or by inhalation. 

[0164] Despite this, it can be necessary, where appropri- 
ate, to depart from the abovementioned quantities, specifi- 
cally in dependence on the body weight or the nature of the 
route of administration, on the individual response to the 
medicament, on the nature of its formulation and on the time 
or interval at which the administration takes place. Thus, it 
can in some cases be sufficient to make do with less than the 
abovementioned smallest quantity whereas, in other cases, 
the abovementioned upper limit has to be exceeded. When 
relatively large quantities are being administered, it may be 
advisable to divide up these quantities into several indi- 
vidual doses which are given during the course of the day. 

[0165] The compounds according to the invention are also 
suitable for use in veterinary medicine. For uses in veteri- 
nary medicine, the compounds, or their nontoxic salts, can 
be administered in a suitable formulation, in accordance 
with common veterinary procedures. The veterinarian can 
establish the nature of the application, and the dose, in 
accordance with the nature of the animal to be treated. 

[0166] In the following examples of preparing the precur- 
sors and end products, it is always necessary, in structural 
formulae containing one or more unsaturated valences on 
the nitrogen atom or oxygen atom, to add a hydrogen. 

[0167] In other words, in structures containing, for 
example, a structural element " — N — ", what is meant is 
actually " — NH — ", and in structures containing, for 
example, a structural element " — O", what is meant is 
actually "—OH". 

[0168] Preparing the Precursors 

EXAMPLE I 
[0169] Ethyl 2-acetylamino-2-cyanopentanoate 




[0170] 1 .35 g of sodium (58.8 mmol) are dissolved in 200 
ml of ethanol and the resulting solution is cooled down to 0° 
C. 10 g (58.8 mmol) of ethyl acetamidocyanoacetate are 
added. After a clear solution has formed, a solution of 7.23 
g (58.8 mmol) of bromopropane in 10 ml of ethanol is added 
drop wise and the reaction mixture is stirred at room tem- 
perature for 2 hours. A solution of 7.23 g (58.8 mmol) of 
bromopropane in 10 ml of ethanol is added once again and 
the reaction mixture is heated under reflux for 16 hours. The 
solvent is removed in vacuo and the residue is taken up in 
dichloromethane; the solution is washed with water and 
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dried over magnesium sulfate. The solvent is removed in 
vacuo and the residue is stirred up with petroleum ether. 
After filtering off with suction, 7.5 g (60%) of ethyl 2-acety- 
lamino-2-cyanopentanoate are obtained. 

[0171] 200 MHz a H-NMR (CDC1 3 ): 1.00, t, 3H; 136, t, 
3H; 1.51, m, 2H; 2.08, m, 5H; 4.34, q, 2H; 6.45, s, 
broad, 1H. 

EXAMPLE II 
[0172] 2-Ethoxy-benzonitrile 




[0173] 25 g (210 mmol) of 2-hydroxylbenzonitrile are 
heated, together with 87 g of potassium carbonate and 34.3 
g (314.8 mmol) of ethyl bromide, in 500 ml of acetone under 
reflux overnight. The solid is filtered off, the solvent is 
removed in vacuo and the residue is distilled in vacuo. 30.0 
g (97%) of a colorless liquid are obtained. 

[0174] 200 MHz 1 H-NMR (DMSO-D G ): 1.48, t, 3H; 
4.15, quart., 2H; 6.99, dt, 2H; 7.51, dt, 2H. 

EXAMPLE III 
[0175] 2-Ethoxy-benzamidine hydrochloride 




[0176] 21.4 g (400 mmol) of ammonium chloride are 
suspended in 375 ml of toluene and the suspension is cooled 
down to 0° C. 200 ml of a 2 M solution of trimethylalumi- 
num in hexane are added dropwise and the mixture is stirred 
at room temperature until the evolution of gas has come to 
an end. After 29.44 g (200 mmol) of 2-ethoxybenzonitrile 
(example II) have been added, the reaction mixture is stirred 
overnight at 80° C. (bath). 

[0177] Having been cooled down, the reaction mixture is 
added, while cooling with ice, to a suspension consisting of 
100 g of silica gel and 950 ml of chloroform and the mixture 
is stirred at room temperature for 30 minutes. Filtration with 
suction is carried out and the subsequent washing takes 
place with the same quantity of methanol. The mother liquor 
is evaporated and the resulting residue is stirred up with a 
mixture of dichloromethane and methanol (9:1), after which 
the solid is filtered off with suction and the mother liquor is 
evaporated. 3.4 g (76%) of a colorless solid are obtained. 



[0178] 200 MHz 1 H-NMR (DMSO-D 6 ): 1.36, t, 3H; 
4.12, quart., 2H; 7.10, t, 1H; 7.21, d, 1H; 7.52, m, 2H; 
9.30, s, broad, 4H. 

EXAMPLE IV 

[0179] N-[6-Amino-2-(2-ethoxyphenyl)-4-oxo-5-propyl- 
4^^mydro-pyrimidin-5-yl]-acetamide 




[0180] 33 g of 2-ethoxybenzamidine hydrochloride 
(example in) are added to a solution of 3.97 g of sodium in 
1300 ml of ethanol and the reaction mixture is stirred at 
room temperature for 45 minutes. The reaction mixture is 
filtered and the filtrate is added to a solution of 69.8 g (329 
mmol) of ethyl 2-acetylamino-2-cyanopentanoate (example 
I) in 800 ml of ethanol and the mixture is heated under reflux 
for 4 hours. The solvent is removed in vacuo and the residue 
is taken up in dichloromethane; the organic phase is shaken 
with water and sodium chloride solution and dried over 
sodium sulfate and the solvent is removed in vacuo. Chro- 
matographic purification (dichloromethane/methanol) yields 
11.57 g (21%) of N-[6-amino-2-(2-ethoxyphenyl)-4-oxo-5- 
propyl^^-dmydro-pyriminin-5-yl]-acetamide. 

[0181] 200 MHz 1 H-NMR (CDCI3): 0.91, t, 3H; 1.41, 
m, 2H; 1.58, t, 3H; 2.07, m, 5H; 4.39, q, 2H; 7.08, m, 
3H; 7.53, dt, 1H; 8.41, dd, 1H. 

EXAMPLE V 

[0182] 2<2-Ethoxyphenyl)-6-methyl-8-propyl-3H-imi- 
dazo[l^-a][13^]triazin-4-one 



o 




[0183] 11.41 g (105 mmol) of chlorotrimethylsilane are 
added to a solution of 11.57 g (35 mmol) of N-[6-amino- 
2^2-ethoxyphenyl)^-oxo-5-propyl44-dmydro-pyriminin- 
5-yl]-acetamide (example IV) in 500 ml of pyridine and the 
reaction mixture is stirred at room temperature for 20 
minutes. After 16.96 g (105 mmol) of hexamethyldisilazane 
have been added, the reaction mixture is heated under reflux 
for 16 hours. The solvent is removed in vacuo and the 
residue is taken up in dichloromethane; the solution is 
extracted with water and 1 N HC1 and dried over magnesium 
sulfate, after which the solvent is removed in vacuo. The 
residue is stirred up with ether and the solid residue is 
purified chromatographically (cyclohexane/ethyl acetate). 
1.655 g (15%) of solid are obtained. 
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[0184] 200 MHz 1 H-NMR (CDC1 3 ): 1.02, t, 3H; 1.61, t, 
3H; 1.80, hex, 2H; 2.80, t, 2H; 2.88, s, 3H, 4.30, q, 2H; 
7.05, d, 1H; 7.15, t, 1H; 7.58, dt, 1H; 8.39, dd, 1H; 
10.35, s, broad, 1H. 

EXAMPLE VI 

[0185] 4-Ethoxy-3-(6-memyl-4-oxo-8-propyl-3,4-dihy- 

dro-imidazo[l,5-a][l,3,5]triazm-2-yl)-benzenesulfonyl 

chloride 



o 




[0186] 1.64 g (5.25 mmol) of 2-(2-ethoxyphenyl)-6-me- 
thy l-8-propyl-3H-imidazo[l ,5-a][l ,3,5]triazin-4-one 
(example VI) are added in portions to 3.14 ml of chlorosul- 
fonic acid while cooling with ice. The reaction mixture is 
stirred at room temperature for 16 hours, then diluted with 
dichloromethane and poured onto ice water. The organic 
phase is washed with water and dried over magnesium 
sulfate and the solvent is removed in vacuo. 2.15 g (99%) of 
4-ethoxy-3-(6-methyl-4-oxo-8-propyl-3,4-dihydro-imidazo 
[l,5-a][l,3,5]triazin-2-yl)-benzene-sulfonyl chloride are 
obtained. 

[0187] 200 MHz 1 H-NMR (CDCl3):0.92, t, 3H; 1.34, t, 
3H; 1.71, hex, 2H; 2.80, t, 2H; 2.96, s, 3H; 4.15, q, 2H; 
7.12, d, 1H; 7.73, dd, 1H; 7.81, d, 1H; 12.5, s, broad, 
1H. 

EXAMPLE VII 

[0188] Ethyl 2-acetylamino-2-cyano-2-cyclopentyletha- 
noale 



o 




[0189] 125 g of ethyl acetamidocyanoacetate (734.6 
mmol) are added, at room temperature, to a solution of 17.74 
g of sodium (771.3 mmol) in 1.2 1 of ethanol. After a clear 
solution has been formed, 157.5 ml of cyclopentyl bromide 
(1.47 mol) are added drop wise. The mixture is stirred 
overnight under reflux and then concentrated on a rotary 
evaporator. The residue is taken up in dichloromethane and 
the solution is washed twice with water, dried over magne- 
sium sulfate and concentrated. The crystalline residue is 
stirred up with ether and filtered off with suction. 



[0190] Yield: 70.8 g (40.4% of theory) 

[0191] MS (DQ, NH 3 ): m/z (%)«256 (M+H 2 0) (100) 

[0192] 1 H-NMR (200 MHz, CDC1 3 ): 5=1.35 (t, 3 H); 
1.55-1.82 (m, 7 H); 1.91-2.03 (m, 1 H); 2.06 (s, 3 H); 
2.37-2.50 (m, 1 H); 4.31 (q, 2 H); 6.79 (s, 1 H). 

EXAMPLE VIII 

[0193] N-[6-Amino-5-cyclopentyl-2-(2-ethoxyphenyl)-4- 
oxo-4,5-dihydropyrimidin-5-yl]acetamide 




[0194] 5.02 g (25 mmol) of 2-ethoxybenzamidine hydro- 
chloride (example III) are added to a solution of 0.6 g of 
sodium (26.25 mmol) in 80 ml of ethanol. After 45 min at 
room temperature, the resulting mixture is filtered into a 
solution of 11.91 g (50 mmol) of ethyl 2-acetylamino-2- 
cyano-2-cyclopentylethanoate in 120 ml of ethanol and the 
mixture is subsequently stirred under reflux for 5 h. It is then 
concentrated and the residue is taken up in dichloromethane; 
the solution is washed twice with water, dried and evapo- 
rated. The crude product is purified by column chromatog- 
raphy on silica gel using dichloromethane/methanol 9:1. 

[0195] Yield 545.4 mg (6.1% of theory) 

[0196] MS (DO, NH3): m/z (%)-357 (M+H), (100) 

[0197] 1 H-NMR (200 MHz, CDCIJ: 6-1.45-1.90 (m, 
12 H); 2.05 (s, 3 H); 2.42-2.58 (m, 1 H); 4.28 (q, 2 H); 
6.99-7.14 (m, 2 H); 7.19 (s, 1 H); 7.53 (dt, 1 H); 8.87 
(dd, 1 H). 

EXAMPLE IX 

[0198] 8-Cyclopentyl-2-(2-ethoxy-phenyl)-6-methyl-3H- 
imidazo[l,5-aIl,3,5]triazin-4-one 




[0199] 1,6 g (4.5 mmol) of N-[6-amino-5-cyclopentyl-2- 
(2-ethoxyphenyl)-4-oxo-4^-dihydropyrimidin-5-yl]aceta- 
mide (example VIII) are initially introduced in 64 ml of 
anhydrous pyridine. 1.71 ml (13.5 mmol) of chlorotrimeth- 
ylsilane are added dropwise and the mixture is subsequently 
stirred at room temperature for 20 min. After 2.8 ml (13.5 
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mmol) of hexamethyldisilazane have been added, the mix- 
ture is subsequently stirred overnight under reflux. It is then 
evaporated down to dryness and the residue is taken up in 80 
ml of methanol; the solution is stirred at room temperature 
for 45 min. It is then evaporated and the residue is purified 
by flash chromatography using cyclohexane/ethyl acetate 
1:1. 

[0200] Yield 727 mg (47.5% of theory) 

[0201] MS (DCI, NH 3 ): m/z (%) =339 (M+H) (100) 

[0202] J H-NMR (200 MHz, CDC1 3 ): 6=1.60 (t, 3 H); 
1.65-2.12 (m, 8 H); 2.89 (s, 3 H); 3.40 (qui, 1 H); 4.29 
(q, 2 H); 7.0-7.18 (m, 2 H); 7.49 (dt, 1 H); 8.48 (dd, 1 
H); 10.31 (bs, 1 H). 

EXAMPLE X 

[0203] 4-Ethoxy-3-(8-cyclopentyl-6-methyl-4-oxo-3,4- 
dihydro-imidazol[l,5-a][l,3,5]-triazin-2-yl)-benzenesulfo- 
nyl chloride 



EXAMPLE 1 

[0208] 2-{2-Ethoxy-5-[4-(2-hydroxy-ethyl)-piperazine-l- 
sulfonyl]-phenyl}-6-methyl-8-propyl-3H-imidazo[l^-a][l, 
3,5]triazin-4-one 



o 




o 




[0204] 372.3 mg (1.1 mmol) of 8-cyclopentyl-2-(2- 
ethoxy-phenyl)-6-methyl-3H-imidazo [l,5-a][l,3,5]triazin- 
4-one (example IX) are added in portions to 0.66 ml (9.9 
mmol) of ice-cooled chloro sulfonic acid. The mixture is 
subsequently stirred overnight at room temperature before 
being diluted with dichloro methane and poured onto ice 
water. The organic phase is separated off. The aqueous phase 
is extracted once again with dichlorome thane and the 
organic phases are combined, dried and evaporated. 

[0205] Yield 266.5 mg (55.5% of theory) 

[0206] *H-NMR (200 MHz, CDC1 3 ): 5=1.69 (t, 3 H); 
1.70-2.14 (m, 8 H); 3.49-3.51 (m. 1 H); 4.45 (q, 2 H); 
7.24 (d, 1 H); 8.11 (s, 1 H); 9.04 (d, 1 H); 9.89 (bs, 1 
H). 

[0207] Preparing the Active Compounds 



[0209] 86 mg (0.66 mmol) of hydroxylethylpiperazirie are 
added to a solution of 90 mg (0.22 mmol) of 4-ethoxy-3- 
(6-methyl-4-oxo-8-propyl-3,4-dihydro-imidazo[l^-a][13» 
5]triazin-2-yl)-benzenesulfonyl chloride (example VI) in 5 
ml of dichloromethane and the reaction mixture is stirred at 
room temperature for 16 hours. After chromatographic puri- 
fication (dichloromethane/methanol=95:5), 63 mg (57%) of 
2-{2-ethoxy-5-[4-(2-hydroxy-ethyl)-piperazine-l-sulfonyl]- 
phenyl}-6-methyl-8-propyl-3H-imidazo[l^-ot][l^^]tri- 
azin-4-one are obtained. 

[0210] 400 MHz 'H-NMR (CDC1 3 ): 1.00, t, 3H; L65, t, 
3H; 1.79, hex, 2H; 1.90, s, broad, 1H; 2.56, t, 2H; 2.63, 
m, 4H; 2.80, t, 2H; 2.87, s, 3H, 3.09, s, broad, 4H; 3.58, 
m, 2H; 439, q, 2H; 7.16, d, 1H; 7.82, dd, 1H; 8.70, d, 
1H; 10.0, s, broad, 1H. 

EXAMPLE 2 

[0211] 2-[2-Ethoxy-5-(4-methyl-piperazine-l-sulfonyl)- 

phenyl]-6-methyl-8-propyl-3H-imidazo[l^-aIl,3,5]tri- 

azin-4-one 

o 




[0212] 73 mg (0.73 mmol) of N-methylpiperazine are 
added to a solution of 100 mg (0.24 mmol) of 4-ethoxy-3- 
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(6-methyl-4-oxo-8-propyl-3,4-dihydro-imidazo[l,5-a][l^, 
5]iriazin-2-yl)-benzenesulfonyl chloride (example VI) in 5 
ml of dichloromethane and the reaction mixture is stirred at 
room temperature for 2 hours. After chromatographic puri- 
fication (dichloromethane/methanol=95:5), 110 mg (95%) 
of 2-[2-ethoxy-5-(4-methyl-piperazine- 1 -sulfonyl)-phenyl]- 
6-methyl-8-propyl-3H-imidazo[l,5-a][l,3,5]triazin-4-one 
are obtained. 

[0213] 200 MHz 1 H-NMR (CDC1 3 ): 1.00, t, 3H; 1.65, t, 
3H; 1.79, hex, 2H; 2.29, s, 3H; 2.50, m, 4H; 2.80, t, 2H; 
2.89, s, 3H; 3.10, m, 4H; 4.37, q, 2H; 7.13, d, 1H; 7.83, 
dd, 1H; 8.71, dd, 1H; 10.0, s, broad, 1H. 

EXAMPLE 3 

[02 14] 2-[2-Ethoxy-5-(4-ethyl-piperazine-l -sulfonyl)- 

phenyl]-6-methyl-8-propyl-3H-imidazo[l,5-a][l,3,5]tri- 

azin-4-one 



o 




[0215] 83 mg (0.73 mmol) of N-ethylpiperazine are added 
to a solution of 100 mg (0.24 mmol) of 4-ethoxy-3-(6- 
me i h yl-4-oxo-8-propyl-3,4-dihydro-imidazo[ l,5-a]-[l ,3,5] 
triazin-2-yl)-benzenesulfonyl chloride (example VI) in 5 ml 
of dichloromethane and the reaction mixture is stirred at 
room temperature for 2 hours. After chromatographic puri- 
fication (dichloromethane/methanol==95:5), 104 mg (87%) 
of 2 -[2-ethoxy-5-(4-ethyl-piperazine- 1 -sulfony l)-phenyl]-6- 
methyl-8-propyl-3H-imidazo[l,5-a][l,3,5]triazin-4-one are 
obtained. 

[0216] 200 MHz 2 H-NMR (CDC1 3 ): 1.00, t, 3H; 1.05, t, 
3H; 1.65, t, 3H; 1.79, hex, 2H; 2.42, q, 2H; 2.54, m, 4H; 
2.78, t, 2H; 2.87, s, 3H; 3.09, m, 4H; 4.37, q, 2H; 7.13, 
d, 1H; 7.83, dd, 1H; 8.71, dd, 1H; 10.0, s, broad, 1H. 



EXAMPLE 4 

[0217] N-[2-(3,4-Dimethoxy-phenyl)-ethyl]-4-ethoxy-N- 
methyl-3-(6-methyl-4-oxo-8-propyl-3,4-dihydro-imidazo[l, 
5 -aj l,3,5]triazin-2-yl)-benzenesulf onamide 




[0218] 143 mg (0.73 mmol) of N-(3,4-dimethoxyphenyl- 
ethyl)-N-methylamine are added to a solution of 100 mg 
(0.24 mmol) of 4-ethoxy-3-(6-methyl-4-oxo-8-propyl-3,4- 
dmydro-imidazc)[14^I13»5]triazin-2-yl)-benzenesulfonyl 
chloride (example VI) in 5 ml of dichloromethane and the 
reaction mixture is stirred at room temperature for 2 hours. 
After chromatographic purification (dichloromethane/ 
methanol=95:5), 138 mg (98%) of N-[2-(3,4-dimethoxy- 
phenyl)-ethyl]-4-ethoxy-N-methyl-3-(6-methyl-4-oxo-8- 
propyl-3,4-dihydro-imidazo[l^-a][1^3^]triazin-2-yl)- 
benzenesulfonamide are obtained. 

[0219] 200 MHz 1 H-NMR (CDC1 3 ): 0.95, t, 3H; 1.62, t, 
3H; 1.78, hex, 2H, 2.83, m, 10H; 3.31, t, 2H; 3.85, s, 
6H; 4.35, q, 2H; 6.72, m, 3H; 7.09, d, 1H; 7.81, dd, 1H; 
8.73, d, 1H; 10.0, s, broad, 1H. 

EXAMPLE 5 

[0220] 4-Ethoxy-N-(2-methoxy-ethyl)-3-(6-methyl-4- 
oxo-8-propyl-3 ,4-dihydro-imidazo[l ,5-<*I l,3,5]triazin-2- 
yl)-benzenesulfonamide 



o 




[0221] 55 mg (0.73 mmol) of 2-methoxyethylamine are 
added to a solution of 100 mg (0.24 mmol) of 4-ethoxy-3- 
(6-methyl-4-oxo-8-propyl-3,4-dmydro-imidazo[l,5-o:Il,3, 
5]triazin-2-yl)-benzenesulfonyl chloride (example VI) in 5 
ml of dichloromethane and the reaction mixture is stirred at 
room temperature for 2 hours. After chromatographic puri- 
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fication (dichloromethane/methanol=95:5) and stirring up 
wiili diethyl ether, 64 mg (57%) of 4-ethoxy-N-(2-methoxy- 
ethyl)-3-(6-methyl-4-oxo-8-propyl-3,4-dihydro-imidazo[l, 
5-a][l,3,5]triazin-2-yl)-benzenesulfonamide are obtained. 

[0222] 200 MHz 1 H-NMR (CDCIJ: 1.01, t, 3H; 1.65, t, 
3H; 1.80, hex, 2H, 2.80, t, 2H; 2.88, s, 3H, 3.18, t, 2H; 
3.30, s, 3H; 3.46, t, 2H; 4.38, q, 2H, 7.13, d, 1H, 7.95, 
dd, 1H, 8.85, d, 1H, 10.02, s, broad, 1H. 

EXAMPLE 6 

[0223] 2-[2-Ethoxy-5-(4-hydroxyl-piperidine-l-sulfonyl)- 
phenyl]-6-methyl-8-propyl-3H-imidazo[l,5-a][l,3,5]tri- 




[0224] 74 mg (0.73 mmol) of 4-hydroxylpiperidine are 
added to a solution of 100 mg (0.24 mmol) of 4-ethoxy-3- 
(G-methyl^-oxo-S-propyl-S^-dihydro-imidazofl^-aJl^, 
5]triazin-2-yl)-benzenesulfonyl chloride (example VI) in 5 
ml of dichloromethane and the reaction mixture is stirred at 
room temperature for 2 hours. After chromatographic puri- 
fication (dichloromethane/methanol=95:5), 100 mg (87%) 
of 2-[2-ethoxy-5-(4-hydroxyl-piperidine- I -sulfonyl)-phe- 
nyl]-6-memyl-8-propyl-3H-imidazo[l,5-a][l,3,5]triazin4- 
one are obtained. 

[0225] 200 MHz 1 H-NMR (CDC1 3 ): 1.01, t, 3H; 1.65, 
m, 9H; 2H, 2.78, t, 2H; 2.88, s, 3H; 3.00, m 2H; 3,30, 
m, 2H; 3.83, s, 1H; 4.38, q, 2H, 7.15, d, 1H, 7.85, dd, 
1H, 8.73, d, 1H, 10.02, s, broad, 1H. 

EXAMPLE 7 

[0226] N-(N-Hydroxyethyl-piperazinyl)-[4-ethoxy-3-(8- 
cyclopentyl-6-methyl-4-oxo-3,4-dihydro-imidazol[l^-ct] 
[1,3, 5 ] triazin-2-y l]-benzenesulfo namide 

o 

^ HN N 

o=s=o * ' 

6 

N 



[0227] 130 mg (0.3 mmol) of 4-ethoxy-3-(8-cyclopentyl- 
6-methyl-4-oxo-3,4-dihydro-imidazol[l,5-aIl,3,5]triazin- 
2-yl)-benzenesulfonyl chloride (example X) are initially 
introduced in 7 ml of dichloromethane. 116.2 mg (0.89 
mmol) of N-hydroxyethylpiperazine are added and the mix- 
ture is subsequently stirred overnight at room temperature. 
Purification is effected by flash chromatography using a) 
cyclohexane/ethyl acetate 1:1 and b) dichloromethane/ 
methanol 95:5. 

[0228] Yield: 151.4 mg (94.3% of theory) 

[0229] Rf value=0.477, dichloromethane/methanol 95:5 

[0230] MS (DO, NH3): m/z (%)=*531 (M+H) (100) 

[0231] a H-NMR (200 MHz, CDC1 3 ): 5-1.64 (t, 3 H); 
1.67-2.08 (m, 8 H); 2.35 (bs, 1 H); 2.55-2.69 (m, 6 H); 
2.87 (s, 3 H); 3.08-3.13 (m, 4 H); 3.40 (qui, 1 H); 3.59 
(bt, 2 H); 4.38 (q, 2 H); 7.18 (d, 1 H); 7.83 (dd, 1 H); 
8.71 (d, 1 H); 9.97 (bs, 1 H). 

EXAMPLE 8 

[0232] N-[2-(3,4-Dimethoxy-phenyl)-ethyl-methyl]-4- 

emoxy-5-[8-cyclopentyl-6-methyl-4-oxo-3,4-dihydro-imi- 

dazo[l^-a][l r 34]triazin-2-yl)-benzenesulfonamide 




[0233] 130 mg (0.3 mmol) of 4-ethoxy-3-(8-cyclopentyl- 
6-memyl-4-oxo-3,4-d^hyd^o-imidazol[l,5-<ill,3,5]triazin- 
2-yl)-benzenesulfonyl chloride (example X) are initially 
introduced in 7 ml of dichloromethane. 174.3 mg (0.89 
mmol) of N-methylhomoveratrylamine are added and the 
mixture is subsequently stirred overnight at room tempera- 
ture. Purification is effected by means of flash chromatog- 
raphy using cyclohexane/ethyl acetate 1:1. 

[0234] Yield: 144.5 g (81.5% of theory) 

[0235] Rf value =0.658, dichloromethane/methanol 
95:5 

[0236] MS (DO, NH 3 ): m/z (%>596 (M+H) (100) 

[0237] 1 H-NMR (200 MHz, CDQg): 5-1.65 (t, 3 H); 
1.72-2.08 (m, 8 H); 2.80-2.91 (m, 8 H); 3.27-3.41 (m, 
3 H); 3.88 (s, 6 H); 4.36 (q, 2 H); 6.70-6.81 (m, 3 H); 
7.10 (d, 1 H); 7.81 (dd, 1 H); 8.74 (d, 1 H); 9.98 (bs, 
1H). 

[0238] The sulfonamides which are listed in the following 
tables 1 and 2 were prepared by means of automated parallel 
synthesis from the sulfonyl chlorides example VI (table 1) 
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and example X (table 2), respectively, and the corresponding 
amines using one of the three following standard protocols. 

[0239] The purity of the end products was determined by 
means of HPLC while they were characterized by means of 
LC-MS measurement. The numerical value specified in the 
% (HPLC) column indicates the content of the end product 
which is characterized by the molar peak. Standard protocol 
A was used in the case of amines possessing acid function- 
aries, standard protocol B in the case of amines possessing 
neutral functionalities, and standard protocol C in the case of 
amines possessing additional basic functionalities. 

[0240] In the case of compounds which are listed in the 
following tables 1 and 2 and which optically exhibit a free 
nitrogen valency, this latter is to be understood, in principle, 
as being an — NH radical. 

[024 L] Standard protocol A: Conversion of amines pos- 
sessing acid functionalities 0.05 mmol of amine, 0.042 
mmol of sulfonyl chloride and 0.10 mmol of Na 2 C0 3 are 
introduced initially, and 0.5 ml of a mixture consisting of 
THF/H 2 0 is pipetted in by hand. After 24 h at RT, 0.5 ml of 
a 1 M H 2 S0 4 solution is added and the mixture is filtered 
through a two-phase cartridge (500 mg of Extrelut (upper 
phase) and 500 mg of Si0 2 , mobile phase ethyl acetate). The 
product is obtained after concentrating the filtrate in vacuo. 



[0242] Standard protocol B: Conversion of amines pos- 
sessing neutral functionalities 0.125 mmol of amine is 
introduced initially and 0.03 mmol of sulfonyl chloride, as 
a solution in 1,2-dichloroethane, is pipetted in by the syn- 
thesizer. After 24 h, 0.5 ml of 1 M H 2 S0 4 is added to the 
mixture and the latter is filtered through a two-phase car- 
tridge (500 mg of Extrelut (upper phase) and 500 mg of 
Si0 2 , mobile phase: ethyl acetate). The filtrate is concen- 
trated in vacuo. 

[0243] Standard protocol C: Conversion of amines pos- 
sessing basic functionalities 0.05 mmol of amine is intro- 
duced initially and 0.038 mmol of sulfonyl chloride, as a 
solution in 1,2-dichloroethane, and 0.05 mmol of triethy- 
lamine, as a solution in 1,2-dichloroethane, are pipetted in 
by the synthesizer. After 24 h, 3 ml of saturated NaHC0 3 
solution are added initially and the reaction mixture is then 
filtered through a two-phase cartridge. The product is 
obtained after the filtrate has been concentrated in vacuo. 

[0244] All the reactions are monitored by thin layer chro- 
matography. If the reaction has not been completed after 24 
hours at RT, the mixture is then heated at 60° C. for a further 
12 hours and the experiment is subsequently terminated. 



TABLE 1 



Ex. no. 



Structure 



HPLC- 
MW Area % at 
[g/mol] 210 nm Mz + H 



555.66 



82 



556 
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TABLE 1 -continued 



Ex. no. 



Structure 



HPLC- 
MW Area % at 
[g/mol] 210 mn Mz + H 



HO. 



CH 3 O 




CH 3 



477.59 85 478 



511.60 61 512 



CH 3 O 





o=s=o 



CH 3 
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TABLE 1 -continued 
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TABLE 1 -continued 
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TABLE 1 -continued 



Ex. no. 



Structure 



HPLC- 
MW Area % at 
[g/mol] 210 nm Mz + H 



32 



H 3 C 



H 3 C 



H 3 C 




OH 



521.64 75 522 



[0245] 



Ex. 
no. 



TABLE 2 



Structure 



MW HPLC % Mz + 
[g/mol] (210 nm) H 




503.63 76 504 



HO* 




503.63 86 504 



HO' 



Ex. 
no. 



TABLE 2-continued 



Structure 



MW HPLC % Mz + 
[g/mol] (210 nm) H 



CH 3 O 

L X J* 3 



503.63 75 504 



36 CH 3 




489.60 80 490 




H 3 C 



US 2003/0195210 Al 



22 



Oct. 16, 2003 



TABLE 2-continued 



MW HPLC % Mz + 
Structure [g/mol] (210 nm) H 




490 



475.57 92 476 




o=s=o 



H 




76 518 



TABLE 2-continued 



Ex. MW HPLC % Mz + 

no. Structure [g/mol] (210 nm) H 




524 



538 



601 
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TABLE 2-continued 



Ex. MW HPLC% Mz + 

no. Structure [g/mol] (210 nm) H 




536 



537 



538 



TABLE 2-continued 



Ex. MW HPLC % Mz + 

no. Structure [g/mol] (210 nm) H 




608 



47 523.62 84 524 




82 554 
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TABLE 2-continued TABLE 2-continued 
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TABLE 2-contimied 



Ex. 
no. 



Structure 



MW HPLC % Mz + 
[g/mol] (210 nm) H 



61 CH^ 




62 



o=s=o 



63 



530.65 75 531 



475.57 81 



476 




94 502 



1. A novel imidazo[l,3,5]triazinone of the general for- 
mula (I) (0 




in which 

R 1 represents straight-chain or branched alkyl having up 

to 4 carbon atoms, 
R 2 represents straight-chain or branched alkyl having up 

to 4 carbon atoms or 

represents (Ca-C^-cycloalkyl, 

R 3 represents hydrogen or straight-chain or branched 
alkyl having up to 4 carbon atoms, 

R 4 and R 5 are identical or different and represent hydro- 
gen, (Cj-C^-alkoxy or hydroxyl or represent (Cj-Cg)- 
alkyl which is optionally substituted, up to 3 times, 
identically or differently, by hydroxyl or (C x -C^- 
alkoxy or by radicals of the formulae 




or NR 6 R 7 , 



in which 

R 6 and R 7 are identical or different and denote hydrogen 
or (CVQO-alkyl, 

and/or, for its part, (Cj-CgJ-alkyI is optionally substituted 
by phenyl or phenoxy which, for their part, are option- 
ally substituted, once to three times, identically or 
differently, by halogen, hydroxyl, (CVC^-alkoxy or 
(Cj-C^-alkyl or by a radical of the formula 
— S0 2 NR 8 R 9 , 

in which 

R 8 and R 9 are identical or different and denote hydrogen 
or (CVC^-alkyl, 



R 4 represents hydrogen or methyl, 
and 

R 5 represents radicals of the formulae 



x s=o 




or 



represents phenyl which is optionally substituted, up to 3 
times, identically or differently, by halogen, acetyl or 
(Q-C^-alkoxy or by radicals of the formulae 



— NR ltJ R 1: 



or 



— CH^COXOlOCOR 13 ) 
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in which 

R 10 and R 11 are identical or different and denote hydrogen 
or (Cj-C^-alkyl, 

R 12 and Rl 3 are identical or different and denote hydrogen 
or (Q-C^-alkyl, 




or NR 6 R 7 , 



R 4 and R 5 , together with the nitrogen atom to which they 
are bonded, form radicals of the formulae 



N R or 




in which 

R 6 and R 7 are identical or different and denote hydrogen 
or methyl, 

and/or, for its part, (C 1 -C 7 )-alkyl is optionally substituted 
by phenyl or phenoxy which, for their part, are option- 
ally substituted, once to three times, identically or 
differently, by fluorine, chlorine, hydroxyl, (C^CJ- 
alkoxy or (Cj-C^-alkyl or by a radical of the formula 
-^S0 2 NH 2 , 



in which 

R 14 and R 15 are identical or different and denote hydroxyl, 
hydrogen or (CVCO-alkyl which is optionally substi- 
tuted by hydroxyl, 

or 

R 14 denotes hydrogen, 
and 

R 15 denotes a radical of the formula 




or 

R 14 and R 15 together form a radical of the formula 
=N— O— CH 3 , 

R 16 denotes hydrogen or (CVC^-alkyl which is option- 
ally substituted by hydroxyl, or 

a 5 -to 6-membered, aromatic heterocycle having up to 3 
heteroatoms from the series S, N and/or O, 

and the salts, N-oxides and isomeric forms thereof. 
2. A novel imidazo[l,3,5]triazinone of the general for- 
mula (I) as claimed in claim 1, in which 

R 1 represents methyl or ethyl, 

R 2 represents straight-chain or branched alkyl having up 
to 3 carbon atoms or 

represents (C 3 -C 6 )-cyclo alkyl, 

R 3 represents straight-chain or branched alkyl having up 
to 3 carbon atoms, 

R 4 and R 5 are identical or different and represent hydro- 
gen, (C 1 -C 4 )-alkoxy or hydroxyl or represent (C A -C 7 )- 
alkyl which is optionally substituted, up to 3 times, 
identically or differently, by hydroxyl or (C a -C 4 )- 
alkoxy or by radicals of the formulae 



or 

R 4 represents hydrogen or methyl, 
and 

R 5 represents radicals of the formulae 




or 

represents phenyl which is optionally substituted, up to 3 
times, identically or differently, by fluorine, chlorine, 
acetyl or (C^Q) -alkoxy or by radicals of the formulae 

—NR 10 R 1X 

or 

— CHj — P(0) (OR 12 ) (OR 13 ) 

in which 

R 10 and R 11 are identical or different and denote hydrogen 
or methyl, 

R 12 and R 13 are identical or different and denote hydrogen 
or methyl, 

or 

R 4 and R 5 , together with the nitrogen atom to which they 
are bonded, form radicals of the formulae 
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N R 16 or 



in which 

R 14 and R 15 are identical or different and denote hydroxyl, 
hydrogen or (C 1 -C 3 )-alkyl which is optionally substi- 
tuted by hydroxyl, 



R 1J denotes hydrogen, 
and 

R 15 denotes a radical of the formula 



and/or, for its part, (Cj-CJ-alkyl is optionally substituted 
by phenyl or phenoxy which, for their part, are option- 
ally substituted, once to three times, identically or 
differently, by fluorine, hydroxyl or methoxy or by a 
radical of the formula — S0 2 NH 2 , 



or 



R 4 represents hydrogen or methyl, 
and 

R s represents radicals of the formulae 



\ s=o 





or 

R 14 and R 15 together form a radical of the formula 
==N — O — CH 3 , 

R 16 denotes hydrogen or (C 1 -C 5 )-alkyl which is option- 
ally substituted by hydroxyl, or denotes pyridyl, pyrim- 
idyl, furyl, pyrryl or thienyl, 

and the salts, N-oxides and isomeric forms thereof. 
3. A novel imidazo[l,3,5]triazinone of the general for- 
mula (I) as claimed in claim 1, in which 

R 1 represents methyl or ethyl, 

R 2 represents n-propyl or represents cyclopentyl, 

R 3 represents methyl, ethyl or n-propyl, 

R 4 and R 5 are identical or different and represent hydro- 
gen, (C 1 -C 3 )-alkoxy or hydroxyl or represent (C^C 6 )- 
alkyl which is optionally substituted, up to 3 times, 
identically or differently, by hydroxyl or (C 1 -C 3 )- 
alkoxy or by radicals of the formulae 




or 

represents phenyl which is optionally substituted, up to 3 
times, identically or differently, by fluorine, acetyl or 
methoxy or by radicals of the formulae 

— NR^R 11 

or 

_-CH:r— PCOXOR^COR 13 ) 

in which 

R 1Q and R 11 are identical or different and denote hydrogen 
or methyl, 

R 12 and R 13 denote methyl, 

or 

R 4 and R 5 , together with the nitrogen atom to which they 
are bonded, form radicals of the formulae 

/ \^R 14 / \ 




... in which 
in which 

R 6 and R 7 are identical or different and denote hydrogen R 14 and R 15 are identical or different and denote hydroxyl, 
or methyl, hydrogen or a radical of the formula — (CR^ — OH, 
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or 

R 14 denotes hydrogen, 
and 

R 15 denotes a radical of the formula 




R 1 ^ and R 15 together form a radical of the formula 
=N— O— CH 3 , 

R 16 denotes hydrogen, pyrimidyl or a radical of the 
formula — (CHJz — OH, 

and the salts, N-oxides and isomeric forms thereof. 

4. A novel imidazo[l,3,5]triazinone of the general for- 
mula (I) as claimed in claim 1 to 3 and having one of the 
following structures: 



Structure 



O 




-continued 



Structure 



O 
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-continued 



Structure 



O 




5. A process for preparing imidazo[l,3,5]triazinones as 
claimed in claims 1 to 4, characterized in that 
compounds of the general formula (II) 



(ii) 



o 




in which 

R 1 , R 2 and R 3 have the abovementioned meaning, 
are first of all converted, by reaction with chlorosulfonic 
acid (C1S0 3 H), where appropriate in inert solvents, 
where appropriate in the presence of a base, into the 
compounds of the general formula (III) 

Cni) 




so 2 ci 



in which 

R 1 , R 2 and R 3 have the abovementioned meaning, 
and, in a last step, are reacted with amines of the general 
formula (IV)"- 

HN — R 4 R 5 (IV), 



in which 

R 4 and R3 have the abovementioned meaning. 

6. A compound of the general formula (I) as claimed in 
claims 1 to 4 for the prophylaxis and/or treatment of 
diseases. 

7. A medicament or pharmaceutical composition which 
comprises at least one compound of the general formula (I) 
as claimed in one of claims 1 to 4 and one or more 
pharmacologically harmless auxiliary substances and carrier 
substances. 

8. A medicament or pharmaceutical composition as 
claimed in claim 7 for the prophylaxis and/or treatment of 
diseases which are connected with cGMP-regulated pro- 
cesses (cGMP-related diseases). 

9. A medicament or pharmaceutical composition as 
claimed in claim 7 or 8 for the prophylaxis and/or treatment 
of cardiovascular diseases, diseases of the urogenital system 
and cerebrovascular diseases. 

10. A medicament or pharmaceutical composition as 
claimed in one of claims 7 to 9 for the prophylaxis and/or 
treatment of cardiovascular diseases such as high blood 
pressure, neuronal hypertension, stable and unstable angina, 
peripheral and cardiac vascular diseases, arrhythmias, 
thromboembolic diseases and ischemias such as myocardial 
infarction, stroke, transistory and ischemic attacks, angina 
pectoris, peripheral circulatory disturbances, prevention of 
restenoses following thrombolysis therapy, percutaneous 
transluminal angioplasty (PTA), percutaneous transluminal 
coronary angioplasties (PTCA) and bypass. 

11. A medicament or pharmaceutical composition as 
claimed in one of claims 7 to 9 for the prophylaxis and/or 
treatment of cerebrovascular diseases such as cerebral 
ischemia, stroke, reperfiision damage, brain trauma, edemas, 
cerebral thrombosis, dementia and Alzheimer's disease. 

12. A medicament or pharmaceutical composition as 
claimed in one of claims 7 to 9 for the prophylaxis and/or 
treatment of diseases of the urogenital system such as 
prostate hypertrophy, incontinence and, in particular, erectile 
dysfunction and female sexual dysfunction. 

13. A medicament or pharmaceutical composition as 
claimed in one of claims 7 to 12, characterized in that the 
medicament or the pharmaceutical composition is adminis- 
tered intravenously or orally. 

14. The use of the compounds of the general formula (I) 
as claimed in one of claims 1 to 4 for producing medica- 
ments or pharmaceutical compositions for the prophylaxis 
and/or treatment of diseases. 

15. The use as claimed in claim 14 for producing a 
medicament or a pharmaceutical composition for the pro- 
phylaxis and/or treatment of diseases which are connected 
with cGMP-regulated processes (cGMP-related diseases). 

16. The use as claimed in claim 14 or 15 for producing a 
medicament or a pharmaceutical composition for the pro- 
phylaxis and/or treatment of cardiovascular diseases, dis- 
eases of the urogenital system and cerebrovascular diseases. 

17. The use as claimed in one of claims 14 to 16 for 
producing a medicament or a pharmaceutical composition 
for the prophylaxis and/or treatment of cardiovascular dis- 
eases such as high blood pressure, neuronal hypertension, 
stable and unstable angina, peripheral and cardiac vascular 
diseases, arrhythmias, thromboembolic diseases and 
ischemias such as myocardial infarction, stroke, transitory 



US 2003/0195210 Al 



31 



Oct. 16, 2003 



and ischemic attacks, angina pectoris, peripheral circulatory 
disturbances, prevention of restenoses following thromboly- 
sis therapy, percutaneous transluminal angioplasty (PTA), 
percutaneous transluminal coronary angioplasties (PTCA) 
and bypass. 

18. The use as claimed in one of claims 14 to 16 for 
producing a medicament or a pharmaceutical composition 
for the prophylaxis and/or treatment of cerebrovascular 
diseases such as cerebral ischemia, stroke, reperfusion dam- 
age, brain trauma, edemas, cerebral thrombosis, dementia 
and Alzheimer's disease. 



19. The use as claimed in one of claims 14 to 16 for 
producing a medicament or a pharmaceutical composition 
for the prophylaxis and/or treatment of diseases of the 
urogenital system such as prostate hypertrophy, inconti- 
nence and, in particular, erectile dysfunction and female 
sexual dysfunction. 

20. The use as claimed in one of claims 14 to 19, 
characterized in that the medicaments or compositions are 
administered intravenously or orally. 

♦ * * * * 



